Objective: To characterize the frequency, incidence and severity of dengue fever in Suriname and to detect 
camente significativos de (p < 0.05) fueron identificados en los dos distritos más poblados de Paramaribo y Wanica.

Conclusión: En Surinam, la identificación de los factores de riesgo demográficos y ambientales que contribuyen al desarrollo de la FHD, es esencial para determinar cómo las medidas preventivas pueden distribuirse mejor. La integración de los datos epidemiológicos en una plataforma SIG hizo posible la identificación de clusters epidemiológicos históricos de dengue, y será utilizada para guiar los estudios de salud ambiental en Surinam.
INTRODUCTION
Over the last 50 years, the incidence of dengue fever (DF) worldwide has increased by 50-fold and 2.5 billion people currently live in dengue-endemic regions. An estimated 50 million cases of DF occur worldwide every year (1) . Currently, dengue is hyperendemic in most of the countries of the World Health Organization's (WHO) Region of the Americas, including Suriname (2) . Over the past 30 years, an increased level of urbanization and successful re-infestation of Aedes aegypti, the primary vector of dengue transmission, have contributed to the rapid spread of dengue in Suriname (3) . The first endemic cases of DF occurred in 1981, with a total of 22 laboratory confirmed cases and an estimated 10% of the population of Paramaribo suffering from DF-like symptoms (4) . An annual resurgence of DF and dengue haemorrhagic (DHF) fever began in 1997 (5) and the last registered dengue outbreak occurred toward the end of the rainy season in 2012. This annual resurgence of DF and DHF cases is influenced by demographic and environmental factors that have not been previously studied in Suriname. Thus, it is imperative to identify which factors exhibit patterns associated with the spatial and temporal distribution of DF and DHF. This study aims to 1) characterize the frequency, incidence and severity of dengue cases in Suriname from 2001 to 2012 and 2) integrate clinical and demographic information of all dengue cases to identify historic clusters of DF in Suriname.
The dengue virus (DENV) is a pathogenic human virus that belongs to the genus Flavivirus (family Flaviviridae). Four different types of DENV (DENV type 1 through 4, DENV1-4), which result in distinguishable serological strains, are capable of causing DF in humans (6) . DENV-1 became the first documented serotype circulating in Suriname and subsequently DENV-4 was reported in 1981 (7). DENV4 was reported in Suriname in 1994, followed by DENV1 in 1998, DENV2 in 1999 and DENV3 in 2001 (8, 9) . Moreover, different serotypes have co-circulated within the population: DENV1, DENV2 and DENV3 were isolated from the patients during the largest dengue outbreak in Suriname in 2005.
The Surinamese Bureau of Public Health (Bureau Openbare Gezondheidzorg -BOG), under the Ministry of Health, is the national institute in charge of dengue surveillance and control. In 2001, epidemiological surveillance of dengue began by having hospitals and regional clinics report all cases of DF and DHF to the BOG. The reported dengue cases include demographic (age, gender, ethnicity) and clinical (date of onset, hospital admission and discharge and laboratory test results) information. The surveillance and vector control practices of the BOG are essential in curbing the disease. Additionally, the application of innovative spatio-temporal visualization techniques, such as geographic information system (GIS), is becoming more commonplace in efforts to implement better surveillance and control techniques against vector-related diseases. Geographic information system software can be utilized not only to identify if cases of DF and DHF cluster, but also to visualize how they emerge overtime and if those cases are also related to environmental or demographic drivers (10) . Thus, integrating GIS technology to improve disease surveillance enables more efficient public health planning by identifying target areas in which more resources should be invested.
The objective of this study is to complete the initial steps for the integration of epidemiological data into a spatial visualization platform to map dengue risk areas in Suriname. The findings will be used to inform an interdisciplinary study that integrates epidemiological data to guide environmental health research in Suriname.
METHODS
Data sources and case classification
Dengue is a reportable disease in Suriname. Since 2001, all suspected cases of DF reported to the BOG have been assigned a unique reference number and compiled into a database that includes demographic and clinical information and an address coded according to the Surinamese General Bureau of Statistics (ABS) codebook. Researchers did not have access to these personal identifiers. The database was screened and DF cases were selected for analysis based on positive serology test or on virus/nucleic acid isolation, respectively. Dengue haemorrhagic fever cases were selected based on clinical diagnosis (according to the WHO criteria) when no diagnostic test was recorded. However, due to the generic nature of DF symptoms, cases of DF based solely on clinical diagnosis were classified as suspected and excluded from the analysis. In this study, cases of DHF are not counted as cases of DF, therefore, the term 'dengue cases' refers to both cases of DF and DHF. The study protocol was approved by the Tulane University School of Public Health and Tropical Medicine Institutional Review Board (IRB) and the Ministry of Health, Suriname.
Data analysis:
The annual frequency of total cases of dengue, DF and DHF for the entire country from 2001 through 2012 was calculated. Annual dengue severity was measured as the number of DHF cases compared to total cases of dengue. Frequency distributions were also calculated by age group, gender, ethnicity and district. These categorical variables were used to compare the frequency of DF vs DHF by Chi-squared test using SPSS ® Statistics version 19. Suriname is divided into 10 subdivisions, also known as districts. Annualized dengue incidence rates were obtained using mid-year population estimates based on 2004 and 2012 ABS census information. District incidence rates were obtained using total dengue cases and district population estimates from 2002 through 2012 (no case by district data are available for 2001).
Spatial analysis
To identify global patterns of dengue cases, we calculated Moran's I as a global index for spatial autocorrelation using GeoDa ™ (http://geodacenter.asu.edu). Cases were weighed according to distance and the number of nearest neighbourhoods was set to four. For the randomization, 999 permutations were selected. To detect local clusters of probable cases of dengue, we deployed the Kuldorff's spatial scan statistics using SatScan software version 9.1.1 (www.satscan.org).
We used a retrospective spatial Poisson probability model for discrete data to detect significant high rate (hotspots) and low rate (coldspot) clusters with geographic overlap. The number of replications was set to 999 times with the maximum spatial cluster size set at 20%. The most likely clusters (primary clusters) and other clusters (secondary clusters) that were detected within Suriname were visualized using ArcGIS v10.2 (http://www.esri.com). The relative risk (rr), log-likelihood ratio (LLR) and p-value for each displayed cluster was recorded. Neighbourhood borders within the Paramaribo district were drawn and exported as a polygon shapefile and the district's streets were added in as a layer. There were no neighbourhood borders available for other districts. The address codes provided in the BOG dengue database allowed each case of dengue to be localized to a street within a resort. To protect patient privacy, the BOG address codes provide the street name and the two intersecting streets for each case of dengue but no house number. Therefore, the cases of dengue were mapped half-way on the street of the two intersecting streets.
RESULTS
There were a total of 2393 cases of dengue, of which 366 progressed into DHF as reported to the BOG between 2001 and 2012. Figure 1 illustrates a temporal pattern of emergence in cases of dengue since 2001 with a higher proportion of annual cases during the months of August to October and December to February.
In addition, the incidence of dengue peaked during the 2005 epidemic with 16.4 cases per 10 000 people (Table 1) . To date, 2005 has the greatest incidence of dengue cases but only 11% of all cases progressed into DHF. During the 2009 epidemic, 38% of cases progressed into DHF but the number of people affected was much lower at 5.1 cases per 10 000 (Table 1) .
Therefore, the 2009 epidemic was much worse in severity compared to 2005. The frequency of dengue cases, DF and DHF stratified by age group, gender and ethnicity are shown in Table 2 .
There is no variation in severity between genders. Severity is higher in certain age groups (> 1, 1-14 and 45-59 years) and ethnicities (Hindustani and Javanese). Chi-squared analysis indicates no significant difference in cases of DF and DHF by gender. However, the difference between DF and DHF cases was statistically significant for age group and ethnicity [p < 0.05] (Table 2) indicating that certain demographic factors influence the progression into DHF within our study population.
Global and local clusters
The frequency, incidence and severity of dengue cases from 2002 to 2012 are shown in Table 3 . The districts of Nickerie and Coronie, and Marowijne and Brokopondo were grouped together for Chi-squared analysis. Frequency, incidence and severity were highest in the two most urbanized districts of Paramaribo and Wanica (Table 3) .
Furthermore, Global Moran's I suggest that there is spatial autocorrelation, or clustering, of dengue cases (Moran's I = 0.052, z > 1.96, p = 0.001) at the resort level within Suriname. To identify where the population had the highest relative risk (rr) of dengue cases in Suriname, we identified the two most likely (highest likelihood ratio-LLR) and statistically (Table 4) . Additionally, the two lowest rr clusters (or coldspots) were identified using the same procedure. The most likely hotspots and coldspots were classified as primary while all other identified clusters were classified as secondary. The rr, LLR and p-value are displayed in Table 4 . The centroid and radius of the clusters were used to visualize the clusters in Suriname using ArcGIS v10.2. Both primary and secondary hotspots and coldspots were located in resorts within Paramaribo and Wanica districts (Fig. 2) . The resorts within the hotspots included Blauwgrond, Rainville and Munder located on the northern side of district Paramaribo while Koewarasan and Latour made up the coldspots in a more southern region of this district. The resorts that are closer to each other tend to have similar annualized incidence rates. Neighbourhood boundaries, streets and cases of dengue within the two primary clusters better illustrate the dispersion of cases in the identified high and low epidemiological rate areas (Fig.  2 ).
Hamer and Lichtveld 16.9 ‡ Cases without district information were excluded from the total γ Dengue cases with missing information were excluded from Chi-square analysis * Chi-squared test p < 0.05 (Fig. 1) . Unfortunately, there is no record of the dengue serotype circulating during the 2009 epidemic. Such information is important because the introduction of a new serotype into a non-naïve population increases the incidence and number of DHF cases during a dengue outbreak (15) . Over time, the immune status of the population changes as more people become infected with one of the four dengue viruses, increasing their susceptibility of developing DHF. An increase in cases of DHF strains the healthcare system because more people require hospitalization during a dengue epidemic. This was evident during the 2012 epidemic which exhausted national healthcare capabilities and prompted the Ministry of Health to open an emergency hospital. Additionally, the serotypes (16, 17) , the sequential order in which the serotypes are encountered within a population (18) (19) (20) and the time elapsed between primary and secondary infections (15, 21) are associated with increased pathogenicity and the development of DHF. Therefore, it can be expected that as more people become exposed to the dengue virus, the disease dynamics within the Surinamese population will change. These changes require a better characterization of the demographic factors that influence the development of DHF in Suriname.
Our results indicate that certain ethnicities (Javanese and Hindustanis) and age groups (1-14 years) occur in a disproportionate number of cases of DHF. These demographic characteristics have been identified as contributing risk factors for the development of DHF (22) (23) (24) . The Surinamese population is characterized by an ethnic diversity profile unlike any other country in South America. Therefore, these findings are the first step to examine demographic risk factors that contribute to the development of DHF within such a unique demographic composition.
Innovative spatio-temporal visualization techniques, such as GIS, are becoming more commonplace in efforts to implement better surveillance and control techniques against dengue fever. These techniques have been used to identify DF and DHF spatial clustering, where clusters emerge and how demographic factors change over space and time (10) . Here, the results of the global spatial analysis revealed that there was significant clustering of cases of dengue in Suriname. The identified hotspots are located in areas where there is a historically higher relative risk of dengue compared to the rest of the population. Similarly, the coldspots are located in areas where the relative risk of dengue is much lower.
The data are limited to cases of dengue from hospitals and clinics in Suriname reported to the BOG between 2001 and 2012. Asymptomatic or flu-like DF cases are frequently under-reported, potentially causing dengue incidence to be under-estimated. Additionally, serology tests have a low specificity and sensitivity to acute dengue infection or to distinguish between primary and secondary infections of dengue (25, 26) . Therefore, data do not provide information on previous dengue infections, which are an important determinant in the development of DHF. However, the data analysis does provide epidemiological knowledge that can be used as a tool to design resource-efficient environmental and entomological studies. Such studies would provide more information about the local dispersion of the Aedes aegypti mosquito and dengue virus transmission. This study represents the first steps to identify demographic and environmental factors that influence the transmission of dengue fever and the development of DHF in Suriname.
